Introduction
Atrial fibrillation (AF) is the most frequent arrhythmia clinicians encounter, with a prevalence of 9.0% in adults over the age of 80. 1 It is a significant risk factor for stroke, heart failure, dementia, and overall mortality. 2 There has been increasing recognition of the role of inflammation in both the initiation and maintenance of AF. 3 Elevation of the inflammatory biomarker, high-sensitivity C-reactive protein, has been associated with paroxysmal AF, 4 recurrent AF after successful cardioversion, 5 and post-operative AF after cardiac surgery. 6 -8 Statins possess anti-inflammatory properties and have been demonstrated to reduce high-sensitivity C-reactive protein. 9 However, prior studies of statin therapy for the prevention of AF have been inconsistent, 8,10 -14 and some have included populations with known cardiovascular disease, where ischaemia may have played a role in the development of AF, and none focused on a population at risk due to elevated high-sensitivity C-reactive protein.
We had the opportunity to address this question among participants in the JUPITER (Justification for the Use of Statins in Prevention: An Intervention Trial Evaluating Rosuvastatin) trial. Specifically, we sought to determine whether (i) elevated high-sensitivity C-reactive protein is associated with incident AF among participants in the JUPITER trial and (ii) whether treatment with rosuvastatin is associated with a lower incidence of AF compared with placebo in a primary prevention setting.
Methods

Study population
The design and main results of the JUPITER study have been described in detail previously. 15 Briefly, 17 802 men over the age of 50 and women over the age of 60 without prior cardiovascular disease or diabetes and a high-sensitivity C-reactive protein ≥2.0 mg/L and LDL-C ,130 mg/dL were randomized to receive either rosuvastatin 20 mg daily or placebo. Subjects were followed for up to 5 years (median follow-up 1.9 years). 15 The primary endpoint of the trial was the first occurrence of a major cardiovascular event defined as the composite of non-fatal myocardial infarction, non-fatal stroke, hospitalization for unstable angina, arterial revascularization, or cardiovascular death. Participants underwent a screening physical exam and had a detailed medical history taken prior to randomization. After randomization, all participants received follow-up at 3-month intervals. In-person encounters alternated with telephone encounters. At each encounter, adverse events and new medications were assessed.
For this analysis, participants with baseline AF, atrial flutter, supraventricular arrhythmia, or non-specified arrhythmia were excluded. This resulted in a final study population of 17 120 participants.
Endpoints
Cases of incident AF were identified by investigator report of an adverse event during follow-up visits. These were then coded using MedDRA-10 criteria. The MedDRA (Medical Dictionary for Regulatory Activities) is a standard medical terminology used to classify adverse event information in clinical trials. At each follow-up encounter, participants were asked about new medication usage, and the reasons for initiating new drugs were recorded. Additional cases of AF were identified by examining the reasons for commencement of certain drugs during follow-up such as antiplatelet agents, vitamin K antagonists, digoxin and other cardiac glycosides, anti-arrhythmic drugs, betablocking agents, and non-dihydropyridine calcium channel blockers. If these drugs were initiated for a diagnosis of AF, the participant was considered to have incident AF.
The JUPITER trial was terminated early on 30 March 2008 after the data and safety monitoring committee determined that the accumulated evidence on safety and efficacy provided proof beyond a reasonable doubt that prolonged use of rosuvastatin was clearly indicated for some specific types of patients. Although follow-up for the primary endpoint ended on that day, subjects remained blinded and follow-up for adverse-events, including incident AF, continued until a study participant's final study visit. The last study visit occurred on 30 August 2008.
Statistical analysis
Baseline characteristics between participants who developed AF during follow-up and those who did not were compared using the x 2 test for categorical variables and the Wilcoxon rank sum test for continuous variables. We first sought to determine whether baseline high-sensitivity C-reactive protein predicts incident AF in the JUPITER cohort. Cox proportional hazard models were used to calculate the hazard ratio and associated 95% confidence interval for the risk of incident AF according to increasing tertiles of high-sensitivity C-reactive protein, as well as continuous log transformed high-sensitivity C-reactive protein at study entry, controlling for randomized treatment assignment. We also constructed Cox proportional hazard models to calculate the hazard ratio and 95% confidence intervals for the comparison of rates of incident AF in the placebo and rosuvastatin groups. To enhance parsimony, the same Cox proportional hazard models were used to evaluate the effect of rosuvastatin on incident AF as the high-sensitivity C-reactive protein analysis. Because high-sensitivity C-reactive protein is skewed, it was log transformed in these models. Our primary analysis included AF events that occurred prior to study termination on 30 March 2008. However, we also performed secondary analyses of AF events that occurred during safety monitoring; a period that continued until 30 August 2008. Only the first occurrence of AF is included in this analysis.
Multiplicative interaction terms between drug assignment and various baseline characteristics were inserted into the unadjusted model to assess possible effect modification. Rates of incident AF were compared between the placebo and rosuvastatin groups using the Kaplan-Meier method, with differences between the two groups compared using the likelihood ratio test.
Because cardiovascular ischaemia can precipitate AF, we performed an additional analysis to evaluate whether the effect of rosuvastatin on AF was secondary to its primary beneficial effect on cardiovascular events. To accomplish this, we refit the Cox models censoring those participants with a cardiovascular event prior to the development of AF. The proportional hazards assumption was tested using interaction terms between each covariate and mean centred logarithm of study time. No violation of the proportional hazards assumption was detected. All analyses were performed according to the intent-to-treat principle. A P-value , 0.05 was considered statistically significant and all P-values are two-sided. All analyses were performed using SAS software version 9.1 (SAS Institute, Inc., Cary, NC, USA).
Results
Study participants
Baseline characteristics of the 17 120 participants from the JUPITER trial free of arrhythmia at study entry are illustrated in Table 1 . Overall, the median age was 66 years, 38% of participants were women, and 57% had a blood pressure .140/90 mmHg or were taking antihypertensive medications. The median BMI was in the overweight category (28.4 kg/m 2 ), and the median highsensitivity C-reactive protein was 4.3 mg/L. Overall, the median systolic and diastolic blood pressure was 134 and 80 mmHg, respectively.
As expected, participants who developed AF were older, had a higher body mass index, and were more likely to have hypertension.
Baseline high-sensitivity C-reactive protein and Incident atrial fibrillation
From the time of randomization to trial termination on 30th March 2008, AF was reported as an adverse event in 238 participants. Of these 238 cases of AF, 16 were identified by examining reasons for initiation of concomitant drugs during follow-up. Consistent with prior literature, increasing high-sensitivity C-reactive protein was a significant predictor of incident AF. In the continuous high-sensitivity C-reactive protein analysis, each 1 unit increase in log-high-sensitivity C-reactive protein was associated with a 28% increase in the risk of incident AF (95% CI:
1.08-1.52, P ¼ 0.005) after adjustment for confounders. In the tertile analysis, each increasing tertile of high-sensitivity C-reactive protein was associated with a 36% increase in the risk of incident AF (95% CI: 1.16 -1.60, P-trend , 0.01), an estimate that remained significant in multivariate analysis (HR: 1.37, 95% CI: 1.16 -1.61, P-trend , 0.01). In this analysis, the HR for the highest high-sensitivity C-reactive protein tertile compared with the lowest was 1.96, 95% CI: 1.40-2.75, P , 0.01. The relationship between high-sensitivity C-reactive protein and incident AF remained significant after adjustment in a multivariate model (adjusted HR for the highest high-sensitivity C-reactive protein tertile compared with the lowest tertile 1.96, 95% CI: 1.38-2.78, P , 0.01) ( Table 2 ).
An analysis of the placebo group alone yielded similar results (adjusted HR for the highest high-sensitivity C-reactive protein tertile compared with the lowest tertile was 2.26, 95% CI: Values are median (inter-quartile range) or n (%). P-values refer to comparisons between participants who developed AF and those who did not develop AF during study follow-up. Race is self-reported. Hypertension was defined as blood pressure ≥140/90 mmHg or taking anti-hypertensive agents. The metabolic syndrome was defined according to consensus criteria of the National Heart, Lung, Blood Institute and American Heart Association. Values of high-sensitivity C-reactive protein are the average of the values obtained at the first two study visits. HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
1.42 -3.60, P , 0.01) ( Table 2 ). In the corresponding analysis in the rosuvastatin group, the magnitude of effect was attenuated (adjusted HR for the highest high-sensitivity C-reactive protein tertile compared with the lowest tertile, 1.62, 95% CI: 0.95 -2.76, P ¼ 0.81) ( Table 2 ). However, there was no evidence of an interaction between drug assignment and high-sensitivity C-reactive protein modelled in categorical tertiles (P ¼ 0.50). We also performed sensitivity analyses modelling high-sensitivity C-reactive protein in quartiles as well as gender-specific tertiles and obtained similar results (data not shown). The 3-year Kaplan -Meier estimates for incident AF in the highest, middle, and lowest tertile were 0.03, 0.02, 0.01, respectively (P ¼ 0.0002).
Effect of rosuvastatin on incident atrial fibrillation
Prior to trial termination on 30 March 2008, AF was reported as an adverse event in 138 participants in the placebo group and 100 participants in the rosuvastatin group ( Table 3) . This yielded incidence rates of 0.78 and 0.56 per 100 person-years in the placebo and rosuvastatin groups, respectively (HR for the rosuvastatin group 0.73, 95% CI: 0.56-0.94, P ¼ 0.01). Inclusion of the additional 14 cases of AF that occurred during safety follow-up through 30 August 2008 resulted in a total of 142 cases of AF in the placebo group and 110 in the rosuvastatin group and a similar effect estimate (HR for the rosuvastatin group 0.77, 95% CI: 0.60-0.99, P ¼ 0.04) ( Table 3 ). The cumulative incidence curves for AF in the placebo and rosuvastatin groups are shown in Figure 1 . While the curves visually appear to diverge at 1 year, an interaction term between drug assignment and follow-up time was not statistically significant (P ¼ 0.54).
After multivariate adjustment, treatment with rosuvastatin 20 mg daily remained significantly associated with a decreased risk of AF reported as an adverse event (HR for rosuvastatin 0.72, 95% CI: 0.55-0.93, P ¼ 0.01) ( Table 3 ). In multivariate analyses including AF events that occurred during safety monitoring, this relationship remained significant (HR for rosuvastatin 0.77, 95% CI: 0.60-0.98, P ¼ 0.04). Because cardiovascular ischaemia can precipitate AF and the overall JUPITER trial demonstrated a 44% relative risk reduction in first major cardiovascular events, we attempted to disentangle the effect of statins on AF from their primary effect on major cardiovascular events. Censoring 21 participants who experienced a major cardiovascular event prior to the development of AF yielded findings similar to our primary analysis (adjusted HR for rosuvastatin 0.74, 95% CI: 0.57-0.97, P ¼ 0.03) ( Table 3) .
The effect of rosuvastatin on incident AF appeared comparable across major subgroups (Figure 2) . Specifically, treatment with rosuvastatin was associated with a lower risk of AF in women as well as men, among those with and without hypertension, and across body mass index, age, and high-sensitivity C-reactive protein categories. Although we had limited power to detect differences between subgroups, we did not observe any evidence of effect modification (P-interaction for all subgroup comparisons .0.1).
Discussion
In this exploratory analysis of apparently healthy men and women without prior cardiovascular disease and with elevated highsensitivity C-reactive protein, treatment with rosuvastatin 20 mg daily was associated with a 23 -28% reduction in blinded adverse . ............ ............ ............ ............ ........... ............ ............ ............ ........... ............ ............ ............ ........... ............ .... ), HbA1c (quartiles: ,5.5, 5.5-5.7, 5.7 -5.9, ≥5.9%), metabolic syndrome (yes/no), race, exercise (less than once/week vs. ≥1/week), drug assignment (in total cohort), current smoking (yes/no), and alcohol use (categories: ,1-3/month, 1 -6/week, daily). event reports of AF. The benefit afforded by treatment with rosuvastatin remained significant after adjustment for potential confounders as well as in analyses excluding participants with a prior cardiovascular event. The latter observation suggests that randomization to rosuvastatin therapy in the JUPITER trial was associated with a reduction in AF events independent of the effect of rosuvastatin on major cardiovascular events. In addition, consistent with prior studies 5, 6, 16, 17 we noted that increasing Figure 1 Cumulative incidence of atrial fibrillation according to study group. Shown is the incidence of atrial fibrillation in the placebo and rosuvastatin groups. The P-value was calculated using a likelihood ratio test of the effect of rosuvastatin, using a proportional hazards model. baseline high-sensitivity C-reactive protein was associated with a significant increase in the risk of an adverse event report of AF. Our findings are congruent with some, 8, 10, 13, 18 but not all 11, 12, 14 prior studies examining the relationship between statin use and the risk of AF. In a post hoc analysis of the GISSI-HF trial, administration of rosuvastatin 10 mg daily was associated with a 12% reduction in the risk of incident AF compared with placebo in a chronic heart failure population after multivariate adjustment. 13 Similarly, treatment with atorvastatin has been associated with a reduction in high-sensitivity C-reactive protein levels as well as number of episodes of paroxysmal AF, 19 and a decreased risk of post-operative AF in the setting of cardiac surgery. 8 However, in a recent analysis of a large trial including patients with prior stroke or transient ischaemic attack, high dose atorvastatin therapy was not associated with a decreased risk of AF.
14 Our findings with regard to high-sensitivity C-reactive protein are also consistent with prior prospective data. In the Cardiovascular Health Study, a population-based cohort of over 5000 participants, baseline high-sensitivity C-reactive protein predicted the development of AF (HR for 1 standard deviation increase in high-sensitivity C-reactive protein, 1.24, 95% CI: 1.11 -1.40, P , 0.001). 16 However, in a recent analysis of the GISSI-AF trial, baseline high-sensitivity C-reactive protein level was not associated with a higher risk of recurrent AF among patients with a history of AF. 20 Our analysis of healthy persons without prior cardiovascular disease or history of AF extends this prior work. To our knowledge, the analysis we describe in this report is the first large, randomized trial analysis of statins and incident AF in a primary prevention setting. Several biological mechanisms have been proposed for the antiarrhythmic effect of statins in AF. Anti-inflammatory properties, enhanced nitric oxide-dependent endothelial function and reduction in neurohormonal activation have all been postulated as potential mechanisms. 21 Supporting the role of inflammation, an early histologic study of patients with lone AF demonstrated inflammatory lymphomononuclear infiltrates consistent with myocarditis in a greater number of patients with lone AF compared with controls. 22 In a canine sterile pericarditis model designed to mimic the post-operative state, atorvastatin therapy was associated with a reduction in high-sensitivity C-reactive protein levels, shorter duration of AF, and longer atrial effective refractory period. 23 Atorvastatin and simvastatin have also been shown to modify atrial plateau currents in mouse models. 24 Our study design has numerous strengths. In contrast to some of the previous observational and randomized studies of statin therapy and AF, our analysis involved a large, ethnically diverse trial population. The randomized design and double-blinding of the study drug also reduce the chance of bias in our study. Furthermore, the inclusion of relatively healthy men and women without prior cardiovascular disease enhances generalizability and extends previous work done in patients with established coronary disease or heart failure.
However, our findings must be interpreted within the context of our study design and its limitations. First, AF was not a prespecified endpoint and thus we relied on adverse event reports to ascertain this outcome. We were not able to confirm cases of AF with electrocardiographic monitoring, and silent cases of AF may not have been detected. Our method of assessment of AF could have lead to under-reporting of the outcome or misclassification. However, under-reporting would be expected to occur with equal frequency in both the placebo and drug groups and is unlikely have affected our results. Last, the JUPITER trial population is limited to those with high baseline high-sensitivity C-reactive protein and thus these findings may not apply to a broader population without evidence of chronic inflammation.
Conclusions
In conclusion, in this randomized trial of healthy men and women without established cardiovascular disease and elevated highsensitivity C-reactive protein, elevated baseline high-sensitivity C-reactive protein was associated with a greater risk of AF, and randomization to rosuvastatin 20 mg daily was associated with a reduction in adverse event reports of AF compared with placebo.
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